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Introduction
Kendomycin(1)isanaturalproductthathasbeenisolatedfromthemyceliumof
Streptomycesviolaceoruber.It isanantibioticthathasbeenshowntobeasignificant
anti-tumoragentwithactivitygreaterthanthatofcisplatinandpotencysimilarto
doxorubicinwhentestedagainststomachadenocarcinoma(HM02),hepatocelluar
carcinoma(HEPG2),andbreastadenocarcinoma(MCF7)celliinesl.It isalsoapotent
endothelinreceptorantagoniseaandantiosteoproticageneb.Kendomycinhasshown
antibacterialactivityagainstStaphylococcua reus(MRSA)strainsandotherGram-
positiveandGram-negativeorganisms.Someoftheuniquefeaturesofthestructure
includeanI8-memberedansa-bridgedringandmultiple,andinsomecases,contiguous
stereocenterswhichposeinterestingsynthetichallenges.Therearecurrentlynoreports
ofproposedsynthesisofkendomycin.I
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Withtheultimategoaloftotalsynthesisofkendomycin,thefollowingretro-
syntheticplanhasbeenproposed(Scheme1).
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Scheme1.Retra-syntheticplanfarkendamycin.
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3
TheobjectiveofthisprojectwillbetosynthesizetheimportantCS-CI8ansa-
chainintennediate2tobeusedinthetotalsynthesisofkendomycin.Thefollowing
reactionschemeshowstheproposedpathwaytowardproducingintennediate2(Scheme
2).
Thesynthesisoftheansa-chainwill bebasedonaspectsofWilliam'sasymmetric
conjugateadditionmethodology.Swemoxidationof3,followedbyuseofAcyl-DAMP
will yield49.Transmetallationof4followingprecedentsfromLipshutzSandWipf
followedbyconjugateaddition2of5will leadtoproduct6. Aldolreaction?with7and8
will produceproduct9. Deprotectionof 10,followedby substitutionof phenylthioether
forbenzyloxy8will leadtothedesiredintennediate2.
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Scheme 2. Synthesis of the CS-C18ansa-chain.
In additiontothesynthesisof intennediate2,thefollowingzirconationreaction
will beexploredusingvariousalkynylsubstrates(Scheme3).
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Scheme 3. Conjugate Addition involving vinylic organometalic and organocopper reagent.
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Scheme3proceedsthroughthefollowingmechanism(Scheme4).
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Scheme4. Lipshutz,RH. etal.J. Am.Chern.Soc.1994,116,11689-11702
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CompletedWork
Thefirstaspectofresearchthatwascompletedwastosynthesizethe
oxazolidinoneintennediate.Thesynthesisbeganwiththereductionofphenylglycine10
tothecorrespondingalcohol(12,Scheme5). Thealcoholwasheatedwithpotassium
carbonateanddiethylcarbonateat135°Ctodistilloffethanolandfonnthechiral
auxiliary1311.Theoxazolidinoneintennediate15wasmadebycouplingthechiral
auxiliarywithtrans-crotonylchloridel2.
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Scheme5.Synthesisofoxazolidinone.
Thenextphaseofthesynthesiswastoproduceabenzylprotectedbromide
reagentthatcouldlaterbeusedtomakeaGrignardreagent.Thesynthesisbeganwitha
benzylprotectionofalcohol16(Scheme6),usingbenzyl-2,2,2-trichloroacetamidateand
triflicacid13.Themethylester17wasthenreducedtoalcohol1S14usinglithium
aluminumhydride.Finally,thebromide19waspreparedusingtriphenylphospineand
N-bromosuccinimideI4.
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Scheme 6. Synthesis of benzyl bromide.
ThebromidewasusedtoformaGrignardReagent(Scheme7)usingmagnesium
metalfollowedbyformationofacuprateusingcopperbromide'dimethylsulfideat-
78oe2. Afteradditionofborontrifloride therateat-78°e,aconjugateadditionofthe
cuprateandtheoxazolidinone15wascarriedouttoformintermediate20. Thechiral
auxiliarywasremoved15withlithiumborohydridetoyieldalcohol21. Finally,the
alcoholwasoxidizedtothealdehyde22usingaParikh-Doeringoxidation16.Thefirst
procedurethatwastriedwasaSwemoxidation;however,thereactiondidnotgoto
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completion.
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Scheme 7. Conjugate additionandsynthesis of aldehyde.
Forfuturework,thesynthesisof intermediate2will continueaspreviously
describedbyScheme2.
ExperimentalProcedures
General
All NucluearMagneticResonancespectawerecollectedoneitheraVarianGEM-
300orVarianInova-400NMR spectrometer.Thespectraredescribedinpartsper
million(8)downfield.Deuteratedchloroformwasusedasthesolventforallspectra,nd
wasusedasaninternalstandard(87.26).Thinlayerchromatographywasdoneusing
precoated,glass-backedsilicagelplates(0.25mmthick,EM SCIENCE),andstained
witheitherethanolicpara-anisealdehydeor thanolicpotassiumpermanganate.
Kieselgel-60(230-400mesh)silicagel(E.Merck)wasusedforallflashchromatography.
Dichloromethane(CHzClz)wasdistilledfromcalciumhydrideunderdryair.
Tetrahydrofuran(THF)anddiethylether(EtzO)weredistilledfromsodium
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benzophenonek tylundernitrogen.All reactionswerecarriedoutinflamedried
glasswareunderargonexceptwhereindicated.
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(R)-2-amino-2-phenylethanol12
Toamixtureofphynylglycine(50g,331mmol)inTHF (450mL)wasaddedNaBH4
(30g,794mmol).ThemixturewascooledtoO°Candasolutionoflz (84g,331mmol)
inTHF (210mL)wasaddedropwiseover1.5h. Theicebathwasremovedandmixture
washeatedto42°Cuntilevolutionofgaswascomplete.Themixturewasheatedto
refluxfor18h. ThereactionwascooledtortandquenchedwithMeOH(250mL). After
evolutionofgas,mixturewasconcentratedtoawhitepaste.KOH (20%bymass)was
addedtomixtureandstirredovernight.MixturewasextractedwithCH2Clz(4x 500
mL),driedoverNa2S04,filtered,andconcentrated.Thesolidwasrecrystallizedfrom
hottoluenetoformwhitecrystals:yield:16.69g(36.8%);IHNMR (400MHz,CDCh)8
7.23(m,5H),3.97(dd,J=4.3Hz,1H),3.67(dd,A ofABX, JAB=10.7Hz,hx=4.39Hz),
3.47(B ofABX, hs=10.7Hz,Jsx=8.51Hz, IH), 1.66(brs,2H)
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(S)-4-phynyloxazolidin-2-one13
To adry250mLroundbottomwi stirbar,alcoho112(7.76g,56.6mmol)wasadded.
TheK2C03(0.78g,5.66mmol)wasaddedinoneportion.Thediethylcarbonate(14.12
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mL,116.59mmol)waspouredfromadrygraduatedcylinder.A sixinchVigreaux
columnwasattached.A condenserwith100mLrbcollectionflaskwasattachedinaO°C
icebath.Thereactionmixturewastakento135°Cviaoilbath.Aftercessationof
ethanoldistillation,themixturewascooledtoft,dilutedwithCH2Ch,andwashedwith
H2O.Theaqueouslayerwasback-extractedwithCH2Ch(2x 200mL). Thecombined
organiclayersweredriedwithMgS04,filtered,andconcentratedtoanoff-whitesolid.
Theflaskwasplacedundervacuumovernight.Thesolidwastransferredto500mL
Erlenmeyerflaskandrecrystallizedfromhot2:1EtOAc:Hexanes:yield6.04g(65.4%);
IH NMR (400MHz,CDCh)07.42-7.26(m,5H),5.34(2,IH), 4.96(dd,A ofABX,
JAB=7.7,hx=7.8Hz, IH), 4.75(t,J=8.6,IH), 4.20(dd,B ofABX, JAB=8.1,JBx=7.1,IH)
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(S,E)-3-but-2-enoyl-4-phenyloxazolidin-2-one15
Oxazolidinone13(1.00g,6.13mmol)wastakeninTHF andcooledto-78°C.nBuLi(2.5
M inhexanes,2.94mL,7.35mmol)wasaddedropwiseover10min.Thereaction
mixtureturnedyellowandwasstirredfor30min.Crotonylchloridewasaddedropwise
over15min.Reactionmixturestirredfor1hat-78°Candwarmedgraduallytoft. After
5h,reactionwasquenchedwithsat.aq.NH4CIanddilutedwithEtzO.Waterwasadded
andlayerswereseparated.AqueouslayerswereextractedwithEt20.Organiclayers
werecombined,riedoverMgS04,filtered,andconcentrated.Purificationbycolumn
chromatographyyielded15:yield1.01g(71%);IHNMR (300MHz,CDCh)07.62-7.46
(m,6H),7.36-7.24(m,IH), 5.69(dd,A ofABX, hB=8.7,hx=3.85Hz, IH), 4.91(t,
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J=8.79Hz, IH), 4.48(dd,B ofABX, hB=8.7,JBx=3.92Hz,1H),2.14(dd,J=6.9,1.5
Hz,3H)
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(R)-methyI3-(benzyloxy)-2-methylpropanoate17
To artsolutionofalcohol16(5.00g,42.3mmol)inCHzCh(90mL)wasaddedbenzyl-
2,2,2-trichloroacetamidate(28.3mL,63.5mmol)andtriflicacid(224.1ilL, 1.27mmol).
Thereactionmixturewasstirredfor15minatrt. Themixturewasquenchedwith200
mLNaHC03,andstirredfor30min.Thelayerswereseparatedandtheaqueouslayer
wasextractedwithCHzCh(2x 150mL). TheorganiclayerwasdriedwithMgS04,
filtered,andconcentrated.Thecrudeproductwaspurifiedbyflashchromatographyon
silicagelcolumn.Elutionwith5%EtOAcinHexanesyielded17:yield7.63g(86.6%);
silicagelTLC (33%EtOAcinHex);IHNMR (300MHz,CDCh)&7.28-7.20(m,5H),
5.24,(s,2H),3.63(s,3H),3.61(dd,A ofABX, hB=13.2,hx=8.4,IH), 3.44(dd,B of
ABX, hB=13.7,Jax=5.8,IH), 2.79-2.62(m,2H),1.12(d,J=7.1Hz,3H)
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(S)-3-(benzyloxy)-2-methylpropan-1-o118
ToEtzO(60mL)atO°CwasaddedLAH (1.67g,43.97mmol).A solutionofpropionate
17(7.63g,36.64mmol)inEtzO(60mL)wasthenaddedropwisetotheO°CLAH
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suspenSIOn.Afterstirringfor30minatO°C,TLC indicatednostartingmaterial
remaining.ReactionwasquenchedatO°CwithH2O(5mL)andstirredfor5min.
ReactionmixturewaswarmedtortandstirredwithNa2S04for1hr. Solidswerefiltered
viasinteredglassfunnel,andfiltratewasconcentrated.Thecrudeproductwaspurified
viaflashchromatographyonsilicagelcolumn.Elutionwith20%EtOAcinhexanesgave
18:yield5.21g (78.9%);IH NMR (400MHz, CDCh) ()7.27-7.18(m,5H),4.45(s,2H),
3.59-3.46(m,3H),3.36(t,J=8.3Hz, 1H),1.51(d,J=13.7Hz, 1H),1.19(t,J=7.1Hz,
1H),0.79(d,J=7.0Hz,3H)
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(R)-( (3-bromo-2-methylpropoxy )methyl)benzene 19
To asolutionofa1cohol18(4.62g,25.63mmol)inCH2Ch(51.26mL)wasaddedPPh3
(7.06g,26.91mmol).ThesolutionwascooledtoO°CandNBS (4.79g,26.91mmol)
wasaddedinfourportionsover10min.Theclearyellowsolutionwaswarmedtort,
coveredwithfoil,andstirredovernight.Solutionwaswashedwith5%aq.NaHC03(100
mL)andconcentratedtoabluesolid.Thesolidwastreatedwithhexanes(250mL)and
H2O(250mL)andstirredatrtfor20min.Thesolidwasfilteredandwashedwith
hexanes.Theorganiclayerwasseparatedfromtheaqueouslater,driedwithMgS04,
filtered,andconcentrated.Thecrudeproductwaspurifiedviaflashchromatographyon
silicagelcolumn.Elutionwith1%EtzOinhexanesgave19:yield5.56g(89.2%);IH
NMR (400MHz, CDCh) ()7.28-7.20(m,5H),4.50(s,2H), 3.43(dd,A of ABX,
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hB=23.6,hB=5.5Hz, 1H),3.43(dd,A ofABX, hB=5.5,hx=3.88Hz, 1H),3.34(dd,B
ofABX, hB=23.3,JBx=6.0Hz,1H),3.34(BofABX, hB=4.88,JBx=3.9Hz, 1H),2.10-
2.01(m,1H),1.02(d,J=6.8Hz,3H)
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(S)-3-((3S,5S)-6-(benzyloxy)-3,5-dimethylhexanoyl)-4-phenyloxazolidin-2-one20
Thebromide19(1.00g,4.11mmol)wasazeotroped,viarotaryevaporator,withtoluene
(2x 1.5mL). ToMgturnings(0.999g,41.12mmol,crushedandflamedried)wasadded
THF (1.06mL)and1dropofdibromoethanefollowedbythebromideinTHF (6mL)
slowlyenoughtomaintainagentlereflux.Mixturewasstirredatrefluxfor30minand
thencooledtort. GrignardsolutionwasaddedviacanulatoasolutionofCuBr.DMS
(0.8453g,4.11mmol)inTHF (4.5mL)at-78°C.DMS (1mL)wasaddedtoreaction
mixtureat-78°C.Themixturewaswarmedto-30°C,stirredfor30min,thencooledto-
78°C(solutionturnedyellowishbrown).BF3'OEtz(0.521mL,4.11mmol)wasadded,
solutionwasstirredfor5min,thenoxazolidinone(0.475g,2.06mmo1)inTHF (4.5mL)
wasadded.Themixturewasstirredfor3hat-78°C,andplacedin-20°Cfreezer
overnight.Thereactionwasquenchedwithsat.NH4CI(25mL)anddilutedwithEtzO.
TheaqueouslayerwasextractedwithEt20(3x 25mL). Thecombinedorganiclayers
werewashedwithH2O(25mL)andbrine(25mL),driedoverMgS04,filtered,and
concentrated.Thecrudecompoundwaspurifiedusingflashchromatographyonsilica
gelcolumn.Elutionwith20%EtOAcinhexanesgavecompound20:yield0.397g
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(48.8%);1H NMR (400MHz,CDCh)07.33-7.24(m,lOH),5.43(dd,A ofABX,
hB=8.6,JAx=3.6Hz, 1H),4.68(t,J=9.3Hz, 1H),4.47(s,2H),4.27(dd,B ofABX,
JAB=8.8,JBx=3.39Hz, 1H),3.27-3.18(m,2H),2.95(dd,A of ABX, JAB=16.1,hx=5.18
Hz, 1H),2.73(dd,B ofABX, JAB=16..4,Jsx=8.5Hz, 1H),2.09(m,1H),1.85-1.80(m,
1H),0.853(dd,J=6.8,2.9Hz,6H)
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LiBH4, MeOH.
(3S,5S)-6-(benzyloxy)-3,5-dimethylhexan-l-0121
ToasolutionO°Csolutionofoxazolidinone20(0.846g,2.18mmol)inEhO(10.9mL)
wasaddedMeOH(0.177mL,4.37mmol)andLiBH4(0.0952g,4.37mmol).The
reactionmixturewasstirredatO°Cfor10min.ReactionwasquenchedwithNaHC03
andwarmedtort. ThemixturewasdilutedwithEt20andwashedwithNaHC03.
Organiclayerwasdriedoveranhyd.Na2S04,filtered,andconcentrated.Thecrude
productwaspurifiedusingflashchromatographyonasilicagelcolumn.Elutionin25%
EtOAcinhexanesgaveproduct21:yield0.225g(44%)
HO~OBn
21
. ~ I ~H~OBn
22
(3S,5S)-6-(benzyloxy)-3,5-dimethylhexanal22
Alcohol21(0.0272g,1.15mmol)wasdissolvedinCH2Clz(0.408mL)in aflamedried
flask.Inseparateflask,S03'Pyr(0.0549g,3.45mmol)wasdissolvedinDMSO(0.108
mL). ThealcoholwascooledtoO°CandHunig'sbase(0.0583mL,3.45mmol)was
added.ThesolutionofS03'Pyrwasthenaddedslowly.Thereactionmixturewasstirred
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for15minatO°C.ThesolutionwasdilutedwithCH2Chandwashedwithbrine,
NaHC03,H2O,andsat.CUS04.TheorganiclayerwasdriedoverMgS04,filtered,and
concentratedtogiveapaleyellowliquid.Thecrudecompoundwaspurifiedbyflash
chromatographyusingsilicagelcolumn.Elutionwith20%EtOAcinhexanesgave
compound22.
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